Ancillary investigations are the backbone of uveitis workup for posterior segment inflammations. They help in establishing the differential diagnosis and making certain diagnosis by ruling out certain pathologies and are a useful aid in monitoring response to therapy during follow-up. These investigations include fundus photography including ultra wide field angiography, fundus autofluorescence imaging, fluorescein angiography, optical coherence tomography and multimodal imaging. This review aims to be an overview describing the role of these retinal investigations for posterior uveitis.
Introduction
Retinal imaging is very useful in diagnosing pathologies and monitoring inflammatory diseases of the posterior segment. The most commonly used retinal imaging techniques in uveitis include fundus photography, fundus fluorescein angiography (FFA), fundus autofluorescence (FAF), optical coherence tomography (OCT) and ultrasonography for posterior segment inflammatory conditions.
The current review aims to be an overview describing the role of each of these ancillary ocular imaging in the posterior segment uveitis diagnosis, evaluation and progression monitoring.
Color fundus photography
Color fundus photographs help in documenting the retinal and/or choroidal lesions and serves as a useful permanent document for monitoring the progression or regression of the disease by thumb nailing the images of different visits. Parnell et al. 1 showed a good agreement between the retina specialists for interpretation of retinal photographs distinguishing presumed ocular histoplasmosis and multifocal choroiditis without the need for any additional ancillary tests. However, a recent study reported a limited utility of fundus imaging alone in distinguishing different conditions in uveitis, using open software source. 2 Nevertheless, fundus photography is routinely useful in most of the cases of posterior uveitides for documenting the lesions at baseline and follow up (Fig. 1) . Stereo photographs may be useful in cases with exudative retinal detachment, optic disk edema, macular and choroidal neovascularization. The documentation by color photography is particularly useful in monitoring retinitis, choroiditis, macular edema, epiretinal membranes, parasitic infections like toxocariasis, cysticercosis, onchocerciasis; masquerade syndromes, retinal vasculitis, and also for assessing media clarity in eyes with vitritis. 3 
Fundus fluorescein angiography
Fundus fluorescein angiography (FFA) is useful in differentiating active from inactive uveitis and also confirming the diagnosis of co-existent pathologies like cystoid macular edema, choroidal neovascularization, subtle retinal vasculitis, to monitor response to therapy, and identifying the areas of capillary non-perfusion as well as retinal neovascularization.
The small molecules of free unbound fluorescein dye leak out even from minimally inflamed retinal vessels including capillaries, thus making it an investigation of choice for retinitis and retinal vasculitis. 4 Illjima et al. 5 reported following characteristics of acute ocular toxoplasmic retinochoroiditis that include a hyperfluorescent lesion with central hypofluorescence (double ring sign); the arterial occlusion passing through the necrotic lesion showing a dark silhouette; venous dilation and leakage and optic disk staining with dye leak.
Staining and leakage of dye from retinal vasculature (arteries, veins or capillaries) either focal or diffuse indicating active retinal vasculitis occurs in several inflammatory conditions including syphilis, toxoplasmosis, tuberculosis, sarcoidosis, systemic lupus erythematosis, Behçet's disease, Birdshot chorioretinopathy, acute retinal necrosis, idiopathic retinal vasculitis, aneurysms and neuroretinitis (IRVAN), frosted branch angiitis, and Eales' disease (Figs. 2 and 3) FFA is particularly useful in the diagnosis and evaluation of the subclinical retinal capillary involvement and monitoring response to therapy during the follow-up in disease like Behçet's. 6 FFA has been commonly used in the past to document the characteristic ''petalloid'' pattern of parafoveal hyperfluorescence in eyes with uveitic cystoid macular edema (CME). 4 CME has been angiographically graded into the following grades by Miyake Few recent studies compared FFA and OCT for macular edema and reported OCT to be equivalent or superior to FFA in diagnosing macular edema.
9,10 A recent study compared both FFA and OCT and reported discrepant results in 4% of 112 enrolled eyes. The discrepancy was seen in 50% of eyes with Birdshot chorioretinopathy and occurred more frequently in intermediate uveitis. The authors concluded that both FFA and OCT were complementary and that revealed different pathophysiologic aspects of uveitic diseases. 11 In addition, a recent report by MUST Trial Research group 12 compared these two modalities and found only moderate agreement between these. Overall OCT was able to diagnose edema in 90.4% of cases compared to FA or biomicroscopy that gave useful information only in 77% and 76% respectively. Also OCT had a limitation in terms that it was not able to pick up macular leakage and thus in cases where treatment may need to be modified based on that finding, FFA is recommended in addition to OCT. 12 FFA is still the most commonly used investigation in the evaluation of retinal ischemia, associated macroaneurysms, central retinal vein or artery occlusion in eyes with retinal vasculitis. FFA helps in demarcating the areas of capillary non-perfusion commonly associated with occlusive retinal periphlebitis seen in tuberculosis, sarcoidosis, Behçet's disease, Tuberculoprotein hypersensitivity (Eales disease), and idiopathic vasculitis. [13] [14] [15] [16] Although FFA is not an ideal investigation for evaluating the choroid, one can get some information on choriocapillaris perfusion manifested as early choroidal hypofluorescence or non-perfusion in several choroiditis entities, including VogtKoyanagi-Harada disease and inflammatory choriocapillaropathies, like serpiginous choroiditis (Fig. 4) , acute posterior multifocal placoid pigment epitheliopathy (APMPPE), and multiple evanescent white dot syndrome (MEWDS). The fluorescein angiographic pattern is characteristic in Vogt-Koyanagi-Harada disease and sympathetic ophthalmia where it shows initial pinpoint hyperfluorescent dots or areas of delayed choroidal filling with late pooling of dye in subretinal space that maybe associated with optic disk hyperfluorescence. [17] [18] [19] [20] In serpiginous choroiditis, the active borders show early hypofluorescence with progressive diffuse staining in late frames. 16 
Ultra-wide field fluorescein angiography
Since posterior uveitis is associated with significant changes in the peripheral retina, these findings are likely to be missed by conventional fluorescein angiograms but can be visualized using ultra wide field fluorescein angiography that has been reported to be more useful than traditional fluorescein angiography and was especially useful in following up patients with intermediate uveitis (Figs. 5 and 6 ). 21, 22 In a recent study, Campbell et al. 23 studied the disease activity and management decisions based on examination plus simulated 30 or 60 degree FFA versus examination plus wide-field FFA. Based on examination and limited FFA the disease activity was detected in 51% of patients and 16% had management change whereas based on examination with wide-field FFA, the disease activity was documented in 63% of patients and management changed in 48% of patients; thus indicating the superiority of wide-field over traditional FFA.
Fundus autofluorescence (FAF)
Fundus autofluorescence using confocal scanning laser ophthalmoscope (cSLO) allows detection of low intensity autofluorescence produced by fluorophores such as lipofuscin present in the retinal pigment epithelial (RPE) cells. 24, 25 These fluorophores (mainly lipofuscin) originate from the photoreceptor outer segments and accumulate in the RPE cell lysosomes and their excessive presence in the RPE layer is an indicator of the quality of the RPE cell metabolism. Since RPE is involved in most of the posterior segment inflammations, FAF imaging provides useful information of the metabolic state of RPE that may be indicative of disease activity. FAF imaging has been found to be useful in monitoring disease activity in serpiginous-like choroiditis. In Serpiginouslike choroiditis, the disease activity has been classified into four stages. Stage 1: with active edge shows an area of hyperautofluorescence at the borders of active edge. As the disease starts healing, the hyperautofluorescence is replaced with hypoautofluorescence; Stage 2: disease shows healing lesions with mixed autofluorescence that are predominantly hyperautofluorescent; Stage 3: the lesions that are now progressively healing show mixed autofluorescence and are predominantly hypofluorescent; and Stage 4: as the lesions become totally healed with scar, they show total hypofluoresce. 26 Similar findings were reported in another study where serpiginous choroiditis and Serpiginous-like choroiditis were classified into active, transitional and inactive stages based on the autofluorescence patterns. 27 In acute stage of APMPPE, the lesions have been reported to be hypoautofluorescent that has been hypothesized to be due to inflamed swollen retinal cells with increased autofluorescence at the borders. As the lesions heal, they become hypoautofluorescent. 28, 29 Lesions in multiple evanescent white dot syndromes (MEWDS) and acute zonal occult outer retinopathy (AZOOR) also show altered autofluorescence. 30, 31 In most white dot syndromes, the lesions with increased autofluorescence correspond to areas of abnormal fluorescence on FA, hypofluorescent spots on ICG and decreased sensitivity on visual fields. 32 Fujiwara et al. 33 have reported progressive peripapillary hypoautofluorescence with mixed autofluorescence in patients with AZOOR. The hypoautofluorescent lesions correspond to zonal loss of photoreceptors.
In Vogt-Koyanagi-Harada disease, hypoautofluorescent signals are seen in the areas of peripapillary atrophy, atrophic and pigmented scars, cystoid macular edema while serous detachment shows hyperautofluorescence. Sunset glow fundus in chronic VKH per se is not associated with any significant autofluorescent changes. [34] [35] [36] Cystoid macular edema in uveitis causes hyperautofluorescence 37, 38 whereas hypoautofluorescence at the fovea is associated with poor visual acuity. 36, 39 Application of widefield FAF imaging has shown several peripheral abnormalities including multifocal hypofluorescent spots, hyperfluorescent spots and unique lattice-like pattern in patients with chronic VKH. 35 Wide-field FAF has recently been reported to correspond to visual field defect-related to alterations of the retinal pigment epithelium in uveitis cases (Fig. 7) . 40 Thus, overall autofluorescent imaging provides clinically useful information in posterior uveitis.
Optical coherence tomography (OCT)
OCT has been found to be useful in the imaging of posterior uveitis both for establishing the diagnosis and monitoring response to therapy. It helps in the localization of the pathology by demarcating its extent, depth and thickness and is very useful in quantifying macular edema including cystoid macular edema. 41 When compared to fundus fluorescein angiography (FFA), OCT was found to have 89% sensitivity for diagnosing CME. 42 Markomichelakis et al. 43 described three patterns of uveitic macular edema: (1) diffuse macular edema seen in 54.8% eyes and presents as sponge-like thickening of the retina with low-reflectivity; (2) clearly defined intra-retinal cystic spaces seen in 25%; and (3) serous retinal detachment seen in 5.9% of cases with fluid accumulation between RPE and neurosensory retina (Figs. 8-13 ). In addition, 14.3% of the eyes in their series had diffused macular edema and retinal detachment. OCT is also very useful in studying the vitreoretinal interface and identifying vitreo-foveal traction in uveitic eyes. 44 Presence of ERM is quite common in eyes with posterior segment inflammations and presence of ERM in the fovea, focal attachment to underlying retina and disruption of IS/OS junction were found to be associated with poor visual outcome. 45 OCT has been used to study the incidence of serous retinal detachments in uveitis and 15% of uveitis patients were reported to have serous detachments that led to visual impairment in 71% of cases and diffuse macular edema and focal cystoid spaces were the most common associations. 46 In patients with Vogt-Koyanagi-Harada and sympathetic ophthalmia, OCT is very useful in monitoring serous retinal detachments. During the early stage of VKH disease, the RPE may be elevated because of underlying granulomas, thus producing choroidal striations. 47 The retina inner to external limiting membrane did not show any remarkable structural alteration in VKH and sympathetic ophthalmia patients and the changes seen in outer retina segment in sympathetic ophthalmia were reversible. 48 
Multimodal imaging
Multimodal imaging is done with Spectralis HRA + OCT that is the combination of a confocal scanning laser ophthalmoscope (cSLO) and a spectral domain optical coherence tomography (SD-OCT) and has a dual-beam scanning system. One laser captures the reference image while other simultaneously captures the SD-OCT scan and the cSLO part of the device allows acquiring reflectance images, angiography images (both fluorescein and indocyanine green) and autofluorescence images. The SD-OCT part allows acquiring cross-sectional and volume images. The Spectralis HRA-OCT allows capturing of following individual images: (1) infrared Reflectance imaging (IR); (2) red-free imaging (RF); (3) fluorescein angiography (FA); (4) indocyanine green angiography (ICGA); (5) autofluorescence (AF) and (6) OCT imaging. The different imaging modes can be used either alone or simultaneously in different combinations. Spectralis offers a unique technique of enhanced depth imaging (EDI) that produces high-resolution cross-sectional images of the whole thickness of the choroid and is very useful for studying diseases involving the choroid. The contour, architecture and thickness of the choroid can be assessed using EDI. Fong et al. 49 reported a loss of focal hyper reflectivity in the inner choroid in patients with VKH, a feature that is consistently observed by independent masked observers. The presence of this feature was seen in both acute as well as convalescent phases and authors hypothesized that it could represent permanent structural change to small choroidal vessels.
Ultrasonography
Ultrasonography may be useful in the evaluation of intraocular inflammatory conditions, especially when visualization of the fundus is poor due to media haze. Ultrasonography is useful in assessing the location, extent, and density of vitritis. The 20-MHz frequency probes can detect the typical snowbank in intermediate uveitis. 50 Ultrasonography is also useful in the detection of posterior vitreous detachment, a common finding in eyes with vitreous inflammation. 51 Ultrasound can be used to monitor serous retinal detachments in VKH disease and sympathetic ophthalmia. However currently, OCT is a preferred modality for monitoring serous detachment. The diagnostic ultrasound still has a role in acute VKH disease where it typically shows diffuse, low-to-medium reflective choroidal thickening most evident in the posterior pole. It is also an important diagnostic modality in diffuse posterior scleritis where it shows high-reflective sclero-choroidal thickening. Scleral edema associated with fluid within Tenon's space results in an echoluscent region just posterior to the sclera results in the classic ''T'' sign. 48 
Summary
Retinal imaging is very useful in diagnosing pathologies and monitoring inflammatory diseases of the posterior segment. The most commonly used retinal imaging techniques in uveitis include fundus photography, FFA (including wide-field FA), FAF, OCT, and ultrasonography for posterior segment inflammatory conditions. These imaging modalities can help not only in making the correct diagnosis but in documenting and following patients after therapy of inflammatory conditions of the posterior pole.
